Indoor air of classroom in eight schools (4 nursery; NS1, NS2, NS3 and NS4, and 4 secondaries; SS1, SS2, SS3 and SS4) within Ikot Ekpene, Akwa Ibom State, Nigeria, were analyzed at ambient and populated sampling conditions using natural sedimentation on nutrient agar medium. The results revealed varying ventilation patterns in each of the classrooms, and the following airborne bacterial counts; NS1 (16.6 cfu/m 3 ), NS2 (13.3 cfu/m 3 ), NS3 (23.3 cfu/m 3 ), NS4 (33.3 cfu/m 3 ), SS1 (6.6 cfu/m 3 ), SS2 (6.6 cfu/m 3 ), SS3(28.3 cfu/m 3 ) and SS4 (15 cfu/m 3 ) at ambient sampling and 40 cfu/m 3 , 41.6 cfu/m 3 , 58.3 cfu/m 3 , 68.3 cfu/m 3 , 6.6 cfu/m 3 , 31.6 cfu/m 3 , 56.6 cfu/m 3 and 25 cfu/m 3 respectively at populated sampling. Bacterial isolates identified were Lactobacillus, Staphylococcus, Bacillus, Rothia, Kurthia, Corynebacterium, Pseudomonas, Brevibacterium, and Flavobacterium. Statistical analysis of the results revealed negative relationships between class area and aerobic plate counts (p>0.05), class population and aerobic plate count (p>0.805), and significant increase in aerobic plate counts at populated conditions over that at ambient conditions (p<0.05). The results therefore point to the dimensions of classrooms, ventilation and population of the classrooms as important factors in determining the bacterial air quality, and invariably affecting the health condition of students.
INTRODUCTION
Air serves as a key route and major source of human microbial exposure (Jones, 1999) . The knowledge of microbial air contamination is therefore an important criterion for the assessment of hygiene conditions of indoor air quality (Nandasena et al., (2010) . In modern societies, people spend over ninety per cent of their time indoors such as in schools and classrooms, constantly exposing them to contents present in this primary habitat which include inhalable microbes (Flynn et al., 2000) . Microbial causative agents of adverse health conditions have been documented in aerosols of different indoor built environment such as schools and such agents can be transmitted between individuals in close proximity (Wargocki and Wyon, 2006) , including methicillin-resistant Staphylococcus aureus (MRSA) (Gehring et al., 2010) . Researchers such as Dunn et al. (2013) have observed that microbial communities are vastly different between different types of indoor environments such as schools, houses and hospitals, even different rooms within the same building (e.g. bedroom vs. bathroom) exhibit distinct microbiomes. Air quality in classrooms is of special concern, since students spend a lot of time indoors, which potentially exposes them to many contaminants present in the air (Jones, 1999) . Studies done on school indoor environments when compared to that of other building, show heightened health risks due to low funding for operation and maintenance of facilities (Wargocki and Wyon, 2006; Zhao et al., 2008) . Environmental problems may be more pronounced in school buildings in poor and developing countries due to the perennial problems of overcrowding, low funding, age of buildings, materials employed in building construction (e.g. asbestos and lead), as well as ventilation patterns (Espejord, 2000) .
The main concern about microbial growth in classroom indoor environments is related to the strong link to the adverse health effects on the occupants (Douwes et al., 2003) . Indoor air pollutants might increase the chance of both long and short-term health problems among pupils and staff, reduce the productivity of teachers and degrade the pupils learning environment and comfort (Shaughnessy et al., 2006) . Hence there is also need to further characterize microbes in classroom indoor environment, and assess their antimicrobial sensitivity. This work is focused on studying the correlation between bacteriological air quality in schools within Ikot Ekpene and classroom population and ventilation pattern.
MATERIALS AND METHODS

Sampling location
Classroom atmosphere in four (4) nursery schools (labeled NS1, NS2, NS3 and NS4) and four (4) secondary schools (labeled SS1, SS2, SS3 and SS4) within Ikot Ekpene metropolis were sampled. A single classroom was sampled in all schools. Table 1 and Figure 1 show the characteristics of the eight school buildings. All buildings were single floor buildings except NS2 and SS2 which were located in a four-storey building with classrooms sampled located on the ground floor. Classroom sampled in NS1 was located on the upper floor of a two-storey building, and classroom at NS3 was located on the ground floor of a two-storey building All schools were brick with mortar-surfaced walls. Most schools had wooden windows which could be opened; NS2 and SS2 were in a building installed with sliding aluminum windows. SS1 and SS3 had no windows in place, although window frames had been installed. Additionally, SS1 classroom had no ceiling boards in place. None of the schools had any form of air handling system.
Sample collection
The air of classroom atmosphere of seven selected schools was sampled at different time intervals; ambient samples were obtained between 6-7.30 am, while samples under populated conditions were taken between 10 and 12 pm (while students were in class). Plates were set up at a height of 1.5 m above floor level, representing the normal human breathing zone (Obbard and Fang, 2003) . Sampling was done by natural sedimentation; nutrient agar plates prepared and preserved overnight in the refrigerator at 4 o C were exposed in air in each of the classroom for 5 minutes (to avoid drying of the agar surface and overloading of the collection plate (Stetzenbach et al., 2004) and then covered, labeled.
Bacteriological analysis of classroom atmosphere
Replica plates of nutrient agar plates were incubated at 37 °C for 48 hours to allow the growth of aerobic bacteria. Emerging visible discrete colonies of bacteria were enumerated and subcultured in fresh nutrient agar medium and incubated. Pure colonies so obtained were stocked on nutrient agar slants and incubated at 30 o C for 24 hours and were then preserved in the refrigerator at 4 o C for further tests. Bacterial colonies were initially characterized by morphology and microscopic appearance, and identified further by biochemical tests. Isolates were identified based on comparison of biochemical and physiological characteristics with that of known taxa in the Bergey's Manual of Systematic Bacteriology (Holt et al., 1994) .
Statistical analysis
The total number of colony forming units (cfu) enumerated was converted to organisms per cubic meter of air (cfu/m 3 ). The data were processed with SPSS and statistically significant differences were determined by one-way and two-way analysis of variance (ANOVA). P-value less than 0.05 was considered statistically significant.
Antibiotic susceptibility testing
The antibiotic susceptibility profile of the bacterial isolates was determined using the disk diffusion method on Mueller-Hinton agar according to the methods of Chessbrough, (1984) . Bacterial isolates were tested against seven OPTUN disc antibiotics comprising Ceporex (CPX 10 μg), Norbactin (NB 10 μg), Gentamycin (GN 10 μg), Amoxil (AML 20 μg), Streptomycin (S 30 μg), Augmentin (AUG 30 μg), Rifampicin (R 20μg), Erythromycin (E 30 μg), Chloramphenicol (CH 30 μg), Ampiclox (APX 20 μg), and Levofloxacin (LEV 20 μg). The inoculum was standardized by adjusting its density to 0.5 McFarland turbidity standard (equal the turbidity of a barium sulphate (BaSO4)). Examination of the cultures for zones of clearing was done after 24 hours of incubation at 37 o C. Diameters of zones of inhibition observed were measured in millimeters (mm), and interpreted according to CLSI (2017) standards. Table 1 shows the measurements of classrooms sampled., SS4 classroom had the largest space 19200 m 2 with 3 doors and eight windows, followed by SS3 classroom with 6750 m 2 with one (1) door and 7 windows, SS1 had an area of 6732 m 2 with one (1) door and 4 windows, NS1 had the smallest space: 712.5 m 2 with 2 doors and 4 windows. Airborne bacterial counts of classroom atmosphere were as follows; NS4 (33.3 cfu/m 3 ), SS3 (28.3 cfu/m 3 ) and SS1 and SS2 were both observed to have lower plate counts of 6.6 cfu/m 3 at ambient sampling. Under populated conditions, NS4 had the highest plate count 68.3 cfu/m 3 , NS3 (58.3 cfu/m 3 ), and SS4 classroom had the lowest count of 25 cfu/m 3 . Correlation coefficient between area and aerobic plate count was -0.417. Relationship between class size and aerobic plate count was negative (r = 0.015), and p-value of 0.805 (p>0.805). A t-calculated value of 5.16, and a t-critical of 2.36 at 0.05 level of significance and p-value of 0.001 (p<0.05) was obtained. A total of 9 bacterial genera were identified from the classroom atmosphere and identified as Legend: AG = acid and gas production; A O = acid production only; OO = no reaction; + = positive reaction; -= negative et al., 2012) . In this study, NS4 recorded the highest bacteria count suggested as due to overcrowding; 26 students occupying a small space of (92 cfu/m 2 per student). In contrast, SS2 classroom had a lower bacteria count than most classrooms in this study due to adequate ventilation and low occupancy (only 10 students occupied the classroom with an average space of 480 m 2 per student), as well as the use of quality building materials. This may have assisted in minimization of potential dispersion of dusts, mites or spores resulting in low bacterial counts. Classroom of NS3 may have encouraged the high aerobic plate count reported (58.3 cfu/m 3 ) due to poor ventilation, lack of windows and doors and also large number of students; 26 occupying a space of 96 m 2 per student. Building design has been shown to determine the microbial quality of various schools (Badir et al., 2016) . , 2000) , but show the presence of potential bacterial pathogens in air. Bacterial isolates obtained from these classrooms atmosphere are implicated in infectious disease commonly transmitted through air, e.g. Staphylococcus aureus which is an airborne bacteria dispersed into the air from human skin, oral and nasal surfaces and hair, and able to cause impetigo which is commonly seen among children. Pseudomonas causes pneumonia which affects the lungs. Bacillus especially Bacillus cereus causes conjunctivitis or orbital abscess which can be transmitted among children in the classroom through air.
RESULTS
Corynebacterium are bacteria widely distributed in nature including air, causing diphtheria and transmitted through respiratory droplets part of human flora.
CONCLUSION
This study concludes that bacteria are present in, and can be isolated from the atmosphere such as in classroom atmosphere. Airborne bacterial counts of classroom atmosphere can be affected by major factors including classroom population, classroom dimensions, as well as the ventilation patterns. Since poor air quality can pose great risk to the health of students in a classroom, it is therefore important to manage and design classrooms, the class population size, and make adequate provisions for ventilation to maximize the air quality of such environments which will enhance learning, eliminate the risks of airborne transmissions of pathogens and infections among student and staff populations.
